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A consideration of the cellular elements in an animal group, 
particularly those cellular elements which are present in cavities 
derived from the primitive coelom, should include references to 
the origin of these cells and any other factors which may be con¬ 
cerned with their modifications, such as the habits, the powers of 
regeneration and the topographical anatomy of the organ sys¬ 
tems of the animals examined. It is generally conceded from 
the evidences of palaeontology and comparativ^e embryology that 
the Echinoderms of to-day are a fairly ancient group which have 
been able to adapt themselves to diverse environmental changes. 
The same pentaradial symmetry is present in all of them, al¬ 
though masked in some, but the principal variations which are 
characteristic of the classes are concerned primarily with the 
character of the body wall and secondarily with the distribution 
of the breathing organs. In the Echinoderms we can distinguish 
three types of organization of the body wall and breathing organs: 
the first type is characterized by a fairly flexible body and diffuse 
breathing organs (c.g., Asteroidea and Ophiuroidea), the second 
by a rigid test and limited breathing organs {e.g,f Echinoidea), 
and the third by a well-developed muscular body wall and limited 
breathing organs (e.g., Holothuroidea). In all of the classes 
except the Holothuroidea, the movements of the body are very 
sluggish, consequently the oxygen requirements for muscular 
activity are very low and a system for rapid transfer of oxygen is 
not needed. But in the majority of the Holothuroidea, tlie de¬ 
velopment of muscle necessitates a great available supply of free 
oxygen and a mechanism for carrying this oxygen must be present. 
Therefore one phase of this investigation will attempt to corre¬ 
late the appearance of different t\’pes of cells in the perivisceral 
fluid with the character of the body wall, the distribution of the 
breathing organs and the movements of the body as a whole. 
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We know that the Echinoderms have great powers of regenera¬ 
tion and may conclude, therefore, that all of the cells in the body 
are very labile, but the question arises as to which cells in the 
perivisceral fluid are the most generalized. Cells which could be 
regarded as the most generalized would be those which are con¬ 
stant in the perivisceral fluid of all of the Echinodemis and which 
are observed to have diversified functions; those cells which 
under necessit}* of local needs remove foreign material, wornout 
fragments of cellular origin and which could give rise to modified 
cells. Another pha^c of this investigation, then, is to detennine 
if there are any ^uch celU in the perivisceral fluid, and if so, what 
is the nature of their actiN'itie'-. 

E M\ti.ri\l AVI) Mkhiods. 

d'he material lued in ihi*- iiix'estigation was collected in the 
vicinity of the Pugt*t Sdiind Hloln^ic.il Station, I'riday Harbor, 
W^ishingtoii. Represent.ili\0*^ of the four clas^e^ of l:Lchino- 
derms found in this area were ii'-ed. The following are the species 
which have l)t‘en examined: 

C*L\ss I. Asleroidea. 

1. Evastcrias tro^chclii. 

2. Solas ter simpsonii. 

3. Der master tm hr {rata. 

4. Pisastcr ochraccus. 

5. Lcplasterias hexactis. 

6. lloiriria Ireiuscula. 

7. Pyc no podia helia nth aides. 

Class II. Ophiuroidea. 

I. Ophiopholis aculcata. 

Class III. Echinoidea. 

1. StrongyloccntrotiiS drohachiensis. 

2. Strongylorentrotus franriscaniis. 

3. Echinarachniits cccentriciis. 

Class \\\ Holothuroidea. 

1. Cuciimaria japonica. 

2. Ciicinnaria chronjhelmii. 

3. Stiehopiis californicus. 


230 


JAMES ERNEST KINDRED. 


Perivisceral lliiid from individuals of each of the above species 
was drawn from the perivisceral cavity and studied by the hang¬ 
ing drop method. In studying the phagocytic activity of the 
cells, a concentrated suspension of finely granulate carmine or 
india ink in seawater was used. This suspension was injected 
into the perivisceral cavity through a minute opening in the body 
wall by means of a delicate hypodermic needle. The amount of 
suspension injected varied with the size of the animal, but it was 
found that the usual dose sufficient to affect the phagocytes was 
8 cc. The injected animals were kept in a live bo.x for a day, so 
that there would be time for thorough ingestion of the particles. 

The clotting activities of the cellular elements were studied in 
drops of perivisceral fluid which had been allowed to stand for 
varied lengths of time. 

A saturated solution of seawater and methylene blue, another 
of seawater and neutral red were made and allowed to stand for 
se\’eral days before using. The supernatant solution which was 
free from particulate matter was decanted off and the solution 
used drop for drop with the perivisceral fluid. These stains were 
used for intravitam staining in certain phases of the investigation 
since they were found to be specific for the vacuoles of the leuco¬ 
cytes. 

II. Observations. 

I. The Leucocytes. 

In his paper on the leucocytes of the invertebrates, Goodrich 
(T9) called attention to the fact that the leucocytes of Asteracan- 
thion gJacialis are characterized by the presence of extensive mem¬ 
branous processes of the ectoplasm. He says, “The freely pro¬ 
jecting pseudopodia usually described are either figured from 
optical sections of the folded membranes or from cells which have 
produced them under abnormal conditions. These pseudopodia 
may be present on cells in the fluid withdrawn from the body and 
which has been allowed to stand, and are probably deri\x*d from 
preexisting membranes.’' Goodrich calls all of the cells leuco¬ 
cytes, making no distinctions. 

In Arbacia (Kindred, ’21) I observed tlie formation of a syncy¬ 
tium in the perivisceral fluid by the anastomosis of filiform proc¬ 
esses which had been derived from the membranous flaps of the 
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leucocytes, thus supporting: Goodrich’s assumption. Theel 
(’21), however, in a review of his descriptions of the types of 
amoebocytes in the perivisceral fluid of Astcrias ruhens and Pare- 
chinus miliaris, states that he di>tinguished two types of amoebo¬ 
cytes in the coelomic cavity rif these forms, the “white or hyaline 
plasma-amoebocytes” and the ’’bladder amcebocytes.“ These 
descriptions were not referred to by Goodrich nor myself although 
they appeared in S^vedisli prior to both of our papers. According 
to Theel the two types of amcjebocytes are very dissimilar, the 
“bladder anuubocytes“ iKJt being fattened nor spread out on the 
surface of the glass when a drop of the iluid is placed on a glass 
slide, but remaining thick and compact with the bladder lying in 
several superimposed la\’ers. On the other hand, the “hyaline 
j)lasnia-am(i-boc\'tes ” in tlie fresh Iluid are cliaracteri/ed by the 
possession of a (onceiitraltd cell bod\* with longer or shorter 
pseudopodia, ddieel expres^t-s doubt as to whether or not one 
type may be derived from the niher. I'ollowing the terminology 
used by ('.oodrich, 1 am calling the cells with the membranous 
llai:)S leucocytes, and reganling 'riieel’s “hyaline plasma-amoebo- 
cytes” as a secoiuKiry ph.i-e «>f the leucocytes from my observa¬ 
tions on the formation of -'N iicyiia. 'riieel (’21) in expressing an 
opinion as to the po^^ibilit\* of morphological clianges in such 
cells says: “However, it may be presumed that the character of 
the surrounding medium may play an important part in that, 
and above all mo\ement .md relative stillness, the former pre¬ 
venting and the lattiT forwarding the process of transmutation. 
If for instaiK'e an am(i‘iioc\'tc Iciives the ccelomic cavity in order 
to immigrate into the ii>>ue> of the body wall, it must necessarily 
undergo certain changes of form. When a cell passes over from a 
passi\*e drift to an acti\ e motion, its |)rimitive globular configura¬ 
tion must be exchanged for another and accommodated to creep¬ 
ing about. ’’ 

Therefore, the presence of two forms of cells in the freshly 
drawn drop doc'^ not of necessity mean that because of this 
occurrence we are dealing with two distinct types instead of an 
active and passive fonn of one type of cell. It is reasonable to 
suppose that tliese cells have a cycle of life and that as they be¬ 
come older this change to a more passive condition leads to a 
change in form. Since the activities of these cells are comparable 
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to the activities of the leucocytes in other animals, they are so 
termed. 



Figs, 1-14. Active leucocytes of the Echinoderms, camera lucida. X 650, i. 
Leptasterias hexaciis. 2. Solaster shupsonii, 3. Dermaster imbricata. 4. Pycuo- 
podia helianlhoides, 5, Pisaster ochraceus. 6. Ilcnricia leviiiscula. 7. Evasterias 
Iroschelii. 8 . Strongylocentrolus drobachiensis, 9. Ophiopholis aciileata. 10. 5 . 
franciscanns. ii. Echinarachniiis eccetilriciis. 12. Cncumaria japonica. 13. C. 
chronjhelmii. 14. Stichopus califoniiais. 


Text-figures 1-14 are camera lucida drawings of the active 
phases of the leucocytes (“ bladder amoebocytes” of Thcel) of the 
whole series of Echinoderms studied. Examination of these 
figures shows the general morphological similarity of these cells 
to each other, the only distinct difference being that of size, which 
varies from 7 14 microns in endoplasmic diameter. In all of the 
cells it will be noted that the ectoplasm is clearly marked off from 
the endoplasm and is produced into a varying number of rapidly 
changing delicate flaps. These flaps are constantly being with¬ 
drawn and extended and may be regarded as modified pseudo¬ 
podia. By means of these flaps the leucocyte progresses slowly 
through the fluid. That the surface of the cell is covered with a 
sticky fluid is evidenced by the manner in which particulate 
matter adheres to the flaps. When the flaps are withdrawn the 
particles which adhere to them are ingested. 
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The endoplasm of nearly all of the active leucocytes is granular 
and opaque, the exceptions to this opacity are found in the leuco¬ 
cytes of Ophiopholis aculeata (Fig. 9) and Ciiciimaria japonica 
(Fig. 12). In these leucocytes the nucleus with its content of 
large chromatin granules is easily discernible. The endoplasm 
usually contains a varying number of hyaline vacuoles which 
stain blue with the methylene blue-^cawater solution and red with 
the neutral red-^eawater ^olution. 

The acti\ e leucocyte is a phagocyte and is always found loaded 
with carmine or india ink particles when the.'^e substances are 
introduced into the perivi-^ceral ca\ity. In the Holothuroidea 
these [)hagocytes were observed to deposit the india ink panicles 
in the skin (Schuli/, ’<>5). Awerin/ew (’ll) considers that the 
color of the test in some of the ICchinoidea is due to this phago¬ 
cytic acti\'ity of “ama‘boc\ le^'’’ and that the color dilTereiice in 
\'arieties of 5 . drobachicnsis i'^ dependent uijon the color of the 
food, the pigments of which are taken up by the “am<ebocN tes" 
and carried to the skin. Since the leucocytes are the onl\' t\*|)es 
of cells in the {)eri\ i^ceral Iluid whic h are phagoc}'tic, they are 
without doubt the phagocytic “aimebocytes” w’hose activities 
are desc'ribed by these and other authors. A further function of 
the phagocytes is the remo\al of i,erm cells remaining in the 
gonads aftcT the bulk of the gametes have been shed (Caullery 
and Siedlicki, ’03). CernoN'odeaiui and Henri (’06) observed 
that bacteria injected into the body cavity of sea urchins were 
taken iij) by “amcL-bocytes” with long p>eudopodia, cells which ' 
are iloiibtless leucoc\ tes. Since mention has been made abo\ e 
of the relation of the leucocytes to the transfer of food products, it 
is pertinent to eiu[uire as to further ob.servations of their partici¬ 
pation in this phase of vital activity. 

Cuenot (’91b), one of the lir^t to call attention to this relation, 
assumed that the substances passed from the intestinal cells into 
the intestinal lacuiLc are taken up by the “amocbocytes” and 
stored u[) in tliem to be carried to other parts of the body. The 
“ amoebocytes ” w’hich are so concerned become metamorphosed 
into “aiiKvbocytes w’ith spherules.” Frenzel (’92) was of the 
opinion that the “amoebocytes” [)iished between the epithelial 
ceils of the intestine and into its lumen where they disintegrated 
and their remnants acted as a digestive feniient. Enriques (’02) 
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thought that digestive substances were carried from the rete 
mirabilc peritoneum in the Holothuroidea to the stomach epithe¬ 
lium by “amoebocytes, ” Thus there are several conceptions 
concerning the relations of the leucocytes to the digestive activi¬ 
ties which need further investigation. 

As evidenced by their tendency to remove foreign particles 
from the body cavity the leucocytes may be regarded as excretory 
agents and further observations as to their excretory activities 
should be considered. Durham (’88) and Chapeaux (’93) 
observed that the phagocytic cells leave the body through the 
papulae in the Asteroidea. I have observed such a migration in 
Leptasterias hexactis^ in svhich, after injection with carmine, the 
papulre are reddish and a smear from the outer surface reveals a 
number of leucocytes laden with carmine particles. “Amoebo- 
cytes” (particular type not stated) have been observed to leave 
the body cavity of the Holothuroidea by diapedesis through the 
walls of the branchial tree into its lumen and thence to the out¬ 
side (Herouard, ’95; Schultz, ’95). Therefore, there is evidence 
that the exit of the phagocytes in the Echinoderms is through 
the body wall. 

The exact relation of the leucocytes in the removal of waste 
substances from the tissues has not been proven, but Delage and 
Herouard (’03) thought that substances absorbed from the tissues 
by ‘'amoebocytes” are reprecipitated in them in the form of 
granules and may possibly give rise to the various “amoebocytes 
with spherules.” List (’97) pointed out earlier that substances 
absorbed by the “amoebocytes” may be the cause of the develop¬ 
ment of a crystalloid in the nucleus of cells of this type, which by 
growth causes a degeneration and finally the destruction of the 
cell. Thus the accumulations of crystalloids observed scattered 
throughout the body of various Echinoderms may be regarded 
as the remnants of degenerate excretory “amoebocytes.” 

Another activity of the active leucocytes is the formation of 
plasmodial masses which are very numerous in any drop of peri¬ 
visceral fluid. That these plasmodia are formed by the fusion of 
active leycocytes has been observed frequently and plasmodial 
formation is one of the activities which distinguishes the active 
from the passive phase of the leucocyte and from other cells in the 
perivisceral fluid. 
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In addition to the active leucocytes tiiere are always present, 
even in a drop of freshly drawn perivisceral fluid, numbers of 
flattened cells with filiform processes which float passively 
through the fluid (Fig^. 15 22). The endoplasm of these cells is 
granulated, opaque and vacuolated, as is the endoplasm of the 
active leucocytes and it react:? the same to methylene blue-sea¬ 
water or neutral red-seawater ^olllti()nN, i.e., the vacuoles stain 
blue and red respectively. Since 1 have observed active leiico- 



I-'n.s. I $-22. Pas«iivc IcuctH Vtfs ihf camera Iiicida, X 

15. Dcrma^ter imhriaUii. \(y. Uenriiia It-iitisculn. 17. C ucuftiorio jdpotticii. 18, 
caltfornicus. 19. Stron^\loi.entrotus drohachien^is. 20. Solaslcr simp- 
sonii. 2\. l^isasUr oihriiicus. 22 . i)phu pholis atuU'ata. 

cytes changing into these in Arbncia, I think that they are passive 
phases of the leucocytes. Theel regards them as distinct in 
themselves and calls them “hyaline plasma-amcebocytes. ” 
Their presence in the freshly drawn fluid would indicate that they 
are normally present and that their occurrence is not due to 
abnonual conditions as ("toodrich suggested. Although these 
cells may occur singly, they are most frequently met with as 
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elements of a syncytium and it is this syncytial formation which 
is their most valuable vital activity, in that it is concerned with 
the repair of injury and the replacement of lost parts in the 
organism. This is due to the fact that these syncytia close 
wounds and form the basis for the growth of the other tissues 
and further that these cells themselves may take part in the for¬ 
mation of other tissues. 

Thecl (’21) states that there is a fibrin-like substance which 
occurs in the coagulation of the coelomic fluid in the Holothuroi- 
dea in addition to the meshwork of the fibers formed by the ar¬ 
borizing leucocytes. That this fibrin-like substance is extra¬ 
cellular is evidenced by the fact that a fibrous meshwork occurs 
when there are far too few cells to form such a meshwork so 
rapidly, by leucocytic syncytia alone. I observed this super¬ 
fluity of fibers in the drops of perivisceral fluid of all of the prepa¬ 
rations of fresh material and was at a loss to account for it. The 
origin of this fibrous substance is not known, although it has 
been suggested by Schafer (’83) that it might have been secreted 
by the leucocytes. That it does not coagulate in the fluid in 
the perivisceral cavity is due to the various ciliated cells which 
keep the fluid in motion (Cuenot, ’01). This movement of the 
perivisceral fluid does not prevent the formation of plasmodia or 
syncytia, but it docs seem to inhibit the fibrin-like coagulum. 

From the observations of Theel and others it is well known that 
in the development of the test of the Echinoidea the leucocytes 
form syncytia within which is secreted (intracellularly) the 
spicules which fuse and form the stereom, a definite beam and 
rafter skeletal structure. Leucocytes containing spicules have 
been observed in the perivisceral fluid of various Echinoderms. 
I have observed them in the perivisceral fluid of Ilenricia levins- 
cnla (Fig. 16). Theel from his observations on the occurrence 
of these cells containing spicules is of the opinion that we may 
presume that the skeleton of the Echinoderms is due to the 
activity of migratory “ plasma-amoebocytes” and their syncytial 
fusion. This assumption may be true, but there has been no 
evidence presented which shows that these cells (my leucocytes) 
are concerned in the replacement of resected areas of the stereom. 
Hence in order to determine the scleroblastic activity of the leu¬ 
cocytes a series of resections of the test of S. drohachiensis were 
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made and the subsequent regeneration observed. But before 
discussing the observations the relationships of the stereom and 
the adjacent region should be described. Thus in a section 




Fi(.. 23. Krgoiirratin)^ bo<ly wall, .^tronsylocefitrotus tJrobacfiitnsis, vertical 
section. seini-tliaKraininatic, canura liKula. X 75 - 

Fk.. 24. Detail ol leticuhnn rt eonerated membrane of body wall shown in 
Fig. 23. St'ini-diagrammatic. camera lucida, X O50. 

Fig. 25. Detail t»l presttleomal area shown in Fig. 23. Semi-diagrammatic, 
camera lucida, X 050. om.spli., “am«eboc\te witli spherules"; ep., epidermis; 
la., lacuna; nc.sy., luiclciis of syncytium; pr., prestereomal area; pi., peritoneum; 
rg.mb., regenerated membrane; sp., spicule; si., stereom; sy., syncytium; trab., 
tralK'cnla. 

through the body wall of 5 . drobachiensis which had been decalci¬ 
fied and stained the following relations of the stereom and the 
surrounding tissues may be observed. The epidermis (Fig. 23) 
appears on the outer surface of the section and beneath this there 
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is a thill layer of syncytial reticular connective tissue {pr.) which 
is directly continuous on its inner surface with the definitive 
stereoni {st.). This syncytium is loosely organized and has 
large intersyncylial spaces within which are found wandering 
“ amcebocytes with spherules. ” The cytoplasm of the syncytium 
is fibrous in apjiearance and the remnants of spicules could be 
observed in it. The traces of spicules were more marked in the 
region bordering on the stereom where the syncytium had the 
trabecular organization characteristic of the stereom. This 
region I have designated as the prestereomal area. The stereom 
is made up of I-shaped trabeculte which are apparently joined to 
each other end to end, so that the whole stereoni is a framework of 
beams and rafters with regular lacunar spaces. The substance 
of the stereom when observed in the unstained condition is clear 
crystalline in character and when stained is intensely basophilic 
in reaction. A prestereomal area is also found between the 
stereom and the peritoneum. From the organization and rela¬ 
tion of the prestereomal areas to the stereom it is evident that the 
growth of the stereom takes place peripherally by the gradual 
deposition of skeletal material within the prestereomal trabecula?. 
Nuclei with prominent nucleoli were observed in the prestereomal 
trabecuhe, but none were observed in the trabeculae of the ster¬ 
eom. This condition would indicate that trophic activity of the 
cells is lost in giving rise to the stereom and that the whole C}’to- 
plasm of the syncytium becomes converted over into skeletal 
material while the nucleus degenerates. Now if a cut were made 
directly through the body wall and a piece of it removed, the cut 
surface would present three regions, a middle stereom region and 
two peripheral prestereomal areas. It is obvious that the pre¬ 
stereomal areas would be capable of replacing certain parts of the 
test, but the question arises as to whether or not these cells are 
aided in this regeneration by the leucocytes. 

Although the body wall of several s|)ecimens of 5 . drobachiensis 
were resected in an attempt to answer this (piestion, the results 
are far from convincing and the description.of the regeneration of 
the test which follows is to be studied more in detail at a later 
date. 

Eight specimens of 5 . drobachiensis were injected with carmine 
in seawater through a minute perforation in the peristomial mem- 
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brane and were allowed to remain in a live box for twenty-four 
hours, so that the leucocytes would have a chance to take up the 
carmine particle>. At the end of this time, a piece of the body 
wall, 1 cm. square, was removed from the aboral surface of each 
specimen. The resected >pecimens were then put into a live 
box and obser\'alions were made over a period of four weeks upon 
the changes which were taking place in the ^e^ected area. When 
first ob>erved it wa> noted that a membrane was gradually 
closing the opening in the body w.dl. This membrane was red¬ 
dish in color as coiur.i^lc*!! with the greeni'-h color of the siirrounii- 
ing body Wcdl, and it grew me-ially from the margin of the open¬ 
ing so that the hitler dimini'-hed '^lowU in diameter. In seven 
of the eight ^pei imeii-' the o|)c*ning in tlu* bod>' wall was clo.sed in 
t^\o wrek'^. At first the membrane clo'^ing the opening was very 
delicate, but it gradually bec.ime firmer and in sev eral specimens 
toughened. 'I'lii'- pha^e uf llu‘ tniighening of the membrane 
occurred during the third week. It wa*' then noticed that skele- 
l.d material beg.in encro.h hing nii the m.irgin of the membr.ine 
which was conliguou^- with the origin.il cut siirf.ice. During the 
fourth wc*c‘k the depo'^iiion of ‘skeletal m.ileri.il went further .ind 
se\c*r.il indi\icliiaU ''howed a ])orlion of rc*gc*neraled test. At 
this lime the li'-^ne clo'-ing the opeming w.i^^ removi-d from sev eral 
spec'imen^, sj)re.id out on .1 ‘>lide .ind -ludied in the fresh condition, 
'file whole h.id .1 ('rimsnn color .ind w.is of a t.ingK*(l librous 

consislencN in which were .ippareiu leiu'ocytes lont.iining car¬ 
mine gr.inule'- which h.id fornu'd more or le^^^ of a syiK'ylium, in 
which the evil bound.iries were indi‘-lincl. .Se\er.il piec'i‘s of the 
membr.ine .ind the .ulj.ic'eiit bod> wall Wi*re pre^er\’ed for section¬ 
ing in ordcM' to determine the riTilioii of the c'ells to the replace¬ 
ment of the skeleton. 'I'he^e piece^- were decalcified and a scries 
of sections m.ide. 

f igure 23 is a semi-di.igr.imin.itic dr.iw'ing of a vertical section 
through the regener.iied membrane and a portion of the adjoin¬ 
ing body w'all, the strui'iure of the latter h.iving been discussed 
abo\ e. In the membrane there are se\ eral regions of dilTeren- 
tiation. The region most distal to the test and forming the 
center of the membr.ine is thick and reddish in color, this color 
being due to the presciwe of minute particles of carmine in the 
cells which make up the syiuw tial reticulum of the membrane 
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(Fig. 24). The color diminishes laterally and also in the region 
proximal to the stereom, where the syncytium is trabeculated in 
the same manner as it is in the prestereomal peripheral areas 
(Fig. 25). Since the leucocytes were the only cells in the peri¬ 
visceral fluid which were obser\'ed to be phagocytic and form 
syncytia it is probable that they aid the prestereomal cells in the 
formation of the membrane and gradually develop skeletal 
material for the formation of the stereom. The cytoplasm of the 
reticulum in the membrane in addition to the cannine particles 
contains fibers which are probably the remnants of decalcified 
spicules. The nuclei of the reticulum are round, have a distinct 
nucleolus and are the same type as are present in free leucocytes 
observed in the lacunae of the stereom and in the prestereomal 
trabeculae, so that it is probable that the leucocytes and the con¬ 
nective tissue cells of the prestereomal area are of the same series, 
except that one has become specialized for the production of the 
stereom under ordinary conditions of growth, whereas the leu¬ 
cocytes only take over this function when the body wall is in¬ 
jured. The only evidence for a line of demarcation between the 
two is in the presence of the carmine particles in those cells which 
make up the reticulum of the membrane. It is therefore evident 
that the membrane is formed by both the multiplication of the 
prestereomal connecti\'e tissue cells aided by the anastomosis and 
syncytial formation of the leucocytes which make up the bulk of 
the membrane. Within the spaces^f the reticulum of the mem¬ 
brane are found large numbers of “amoebocytes with spher¬ 
ules” which probably carry nutrition to the cells of the syncy¬ 
tium, enabling them to carry out their scleroblastic function. 
These “amoebocytes with spherules” are very few in the region of 
trabecular formation adjacent to the stereom and are entirely 
absent from the lacunae of the stereom, thus they seem to be 
massed in that region where repair is going on rapidly and the 
cells of which are being differentiated. 

Thus in brief there are three regions present in the regenerating 
area. Idrst, the syncytial region which forms the bulk of the 
membrane which has closed the opening in the body wall and is 
composed of a syncytium of leucocytes with small lacimio, con¬ 
taining large numbers of ”amoebocytes with spherules.” Sec¬ 
ondly a prestereomal area, definitely trabeculated, with large 
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lacunae and continuous with the peripheral prestereoinal areas 
which enclose the stereoin of the adjacent region of the body wall. 
The “amoebocytes with spherules” are ver}^ few in this region. 
Thirdly, the definitive regenerated stereoni which is crystalline 
in character, devoid of nuclei and in the lactina^ of which there 
are no “amoebocytes with spherules.” 

It is obvious that the cellular elements which fonn the mem¬ 
brane have either been derived directly from cells in the region 
of the prestereoinal areas or from cells of the perivisceral fluid 
which ha\'e migrated to this area and formed syncytia. Since 
the leucocytes arc the only celU of the peri\'isccral fluid which 
have been observed to fonn syncytia and since they arc the 
comocytes of the original wandering mesenchymal cells, there is 
reason to su])pose that the> ha\ e some part in this process. That 
stereom formation does not nece'-''aril\' start from the cut sur¬ 
face of the resected area i> evi<lenced by the appearance of inde- 
jicndent areas of stereom fomiaiiun in the membrane (h'ig. 23). 
A more detailed study of the reliition>hips of the leiK'ocytes to the 
regeneration of the test is to be more closdy fidlowed in a more 
extended series of exiierimeiits. 

'I'hese obserwitions agree in general with Theel’s conclusions 
that the scleroblastic celU “ought Xo be enrolled among the true 
plasma-<innebocytes, though they are dissimilar as to their 
functional manifestations, and conseciuentK*, loo, as to their 
chemical constitution. It is not unlikely that their quality of 
taking up a superlluit> of inorg«mic salts from the surrounding 
medium has inlluencetl the cell>, their power of ama*boid move¬ 
ment ha\ing been sup|)ressed or limited.” lie concludes that 
the directions of the pseudopodi<i iirecleterminc the characteristic 
protrusions of the crystals in Psolus phantapus. The crystal 
when fonned occupies the whole of the cell except for a small space 
occupied by the nticletis. In the formation of the stereom in 
5. drobachiensis a similar predetennination of the organization 
of the skeletal elements is apparent in the prestereoinal areas. 

From the above observations it may be concluded that the 
leucocytes in both the active and passive phases are those cells 
which are of constant occurrence in the Echinoderms. They are 
phagocytic, thrombocytic and possibly scleroblastic. These 
cells are omnipresent in all regions of the perivisceral cavaty. 
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From their activities they must be recognized as the most gen¬ 
eralized cells in the perivisceral fluid since no others have been 
observed whose functions are so diversified. The question of 
their origin is a vexing one, although it was once pointed out 
that the dorsal organ may, in the Asteroidea, be an organ of 
leucoblastic function, a function which Cuenot (’01) denies this 
organ, claiming that it is more likely an organ for the elimination 
of wornout cells of the perivisceral fluid and that the “amoebo- 
cytes” (general term) are probably peritoneal in origin and may 
also arise from each other. In all probability the number of 
leucocytes increases rapidly when an animal is injured, particu¬ 
larly in the region of the injury, where they form the framework 
for the regeneration of other tissues. They may be regarded as 
one of the important agents in the replacement of lost parts in the 
Echinodenus. 



Fig. 26. “Amoebocyte with red spherules,” Slrongylocenlroliis drobachiensis, 
cam. luc., X 1300. 

Fig. 27. “Amccbocyte with red spherules,” S. franciscanus, cam. luc., X 1300 - 
Fig. 28. “Amoebocyte with red spherules,” Echinarachnius cccenlricus, cam. 
luc., X 1300. 

Fig. 29. “Amoebocyte with yellow spherules, ” E. cam. luc., X 1300. 


2. The ''Anmbocytes uith SphcritlesA' 

There are two groups of ‘‘amocbocytes with siDherules” present 
in the perivisceral fluid of the Echinodenus. One group of these 
is characterized b}" the presence of pigmented spherules in the 
cytoplasm and the other by colorless si)hcrules. In both types 
the spherules fill the cytoplasm to such an extent that the nucleus 
appears merely as a light space in the center of the cell. All of 
the “amoebocytes with spherules” are further characterized by 
the presence of very blunt pseiidopodia and when fluid con¬ 
taining them is allowed to stand they tend to assume a spherical 
shape. 

Amoebocytes containing red spherules were observed in the 
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Echinoidea alone, those containing yellow spherules in the Echi- 
noideaand some of the Holothuroidea. and those containing color¬ 
less spherules in the Ophiiiroidea, Echinoidea and Holothuroidca. 

Tn the Echinoidea, the “amoebocytes with red spherules” were 
most numerous and largest (12 microns in diameter) in S./rancis- 
canus (Fig. 27); in S. drobachiensis (Fig. 26) they were less 
numerous and smaller (9 microns in diameter). In Echinarach- 
vins cccentricus (I'ig. 28) they were aFo less numerous and smaller 
(10 microns in diameter). The predominant iypo of pigmented 
amoebocyte in E, ecccntricus was the type with >’ellow spherules 
(Fig. 29) and these were juirticularly massed on the peritoneum 
of the intestine. Scattered yellow pigmented amoebocytes were 
obser\ed in Sti<hopus califorfiii but no asxK'iation with any 
organ s\s(em was noted. 

'Idle red i)igmeni in the pigmented amoebocytes of the Eehi- 
noide.i w.is desigiKito*d echinoohroine by M('Munn (’85). The 
\iewof this author and ('.rinith'^ (’.s;) that the amoel)ocyto‘s con¬ 
taining ec'liinochronie are .i‘'M)ciato(l with oxygen transportation 
has never been full) a('<'epted. C'ueiiot (’91b) was the lir>t to 
oi>l)ose this assumption .ind ''lalo-d that there was no change in 
the olepth of the color when the celF were allowed to stand in the 
air, aiul that the contained pigment instead of being an oxygen¬ 
carrying pigment was storo‘d-up food m.iteri.d which the cells had 
taken from the intestine, k'lirther. W'interstein showo‘d that a 
solution of echino('hrome docs not t.ike up more oxvgen than the 
same amount of seawater. 'Phis assertion of W’interstein’s is 
significant, because it opens up the (piestion as to the oxygen 
requirements of the ICchinoderms. Of course it is ob\ ions that 
all of the free oxv gen used by the Echinoderms is taken from the 
seawater and further it has been shown that ex('ept b^r a differ¬ 
ence in albuminoid content the i)erivasceral fluid of the Echino¬ 
derms is the same densitv* as the seawater (Cuenot, ’91). There¬ 
fore, w'c can assume that there is a diffusion of the seawater 
through the breathing organs of the bZchinoderms and that the 
oxygen content is the same in the perivisceral fluid as it is in the 
outside seaw'ater. W'itli the exception of certain of the llolo- 
thuroidea, all of the Echinoderms hav'e a v'ery slight develop¬ 
ment of rapidh' contractile muscle elements and hence no need 
for a large amount of oxygen for muscular activity, from which it 
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follows that In the Asteroidea, Ophiiiroidea, Echinoidea and 
Holothuroidea with tests Psoliis)^ which live in regions of 
high free oxygen content, due to tidal currents, there is 
enough oxygen in suspension in the perivisceral fluid for ordinary 
metabolic activity. Therefore in these forms no oxygen-carr}'ing 
cells are developed and the cellular modifications which occur in 
the cells of the perivisceral fluid may be regarded as independent 
of the relations of the breathing organs. Further we would 
expect to find efficient oxygen-carrying cells in the Holothuroidea 
which have a relatively high development of muscle, for the 
needs of which the free oxygen content of the perivisceral fluid 
is not sufficient. The hemocytes are the cells which fulfill this 
requirement in the Holothuroidea and will be discussed later. 

If the “amoebocytes with red spherules” are not to be regarded 
as oxygen-carrying cells, are they then related to the transfer and 
storage of food as suggested by Cuenot? As a partial answer to 
this query are the results and conclusions of Awerinzew (’ii) 
who carried on investigations on the habitat and food relations 
of two varieties of S. drobachiensis, Awerinzew observed that 
the two colored varieties of this species lived in different types of 
environment, the green-yellow forms living on a mud and stone 
bottom and the red forms amongst red algae, fie assumed that 
the pigment in the food of the red forms was carried from the 
intestine to the skin and deposited there. The pigment in the 
perivisceral cells would then be due to the food eaten. He 
checked his results by injecting carmine particles in solution into 
the alimentary tract and found that these particles were carried 
to the skin, but the distinctions between the types of cells en¬ 
gaged in this activity were not made clear, so that it is possible 
that the cells were leucocytes carr}’ing on their normal activity as 
phagocytes and there is no ca'-e for the pigmented cells as food 
carriers. 

The “ainoebocytes with red spherules” are far more numerous 
and larger in the perivisceral fluid of S. franciscanus than they are 
in .S. drobachiensis. Idiis fact leads to the suggestion that the 
color of the body wall is due to a difference in numbers of the red 
cells in the two species. 

Since it has fiot been pro\x*n that the “amoebocytes with red 
spherules” are developed from other cells by the ingestion of 
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pigment from food, it may be that they are the descendants of 
the pigmented cells (chromatophores) of the laiA^al Echinoidea. 
These cells are present in the segmentation cavity of the larval 
Echinoids, but I have not found any reference as to their occur¬ 
rence in the larva? of other classes. If this is true, then we are 
dealing with an amoebocyte which is specific in the Echinoidea 
and may yet be found to be derix ed from the colored substances 
characteristic of the Echinoid o\'iim. 



30 37. yi» *♦ wiili lorU ••phrriiU " tain, liic , \ 1300. 30. 

Ophtopholis atulrala. 31. .S. Jr ha. hit’n r. 3’. A. /r(jftct^cijnus. 33. /•'. cvrfi/- 

trims. 34. C. jdponied. 35 h>ptt- calif rnuu . 3ft. S. Ctili/orni-us. 37. C. 
chronjltchnii. 

“ AiiKelxM'yte> with ('nlnrlos sj)herule>” (l ig>. 30 37) are more 
widely distril)uied in the hA'hinnderni< than the jfigmeiiled ones 
and are found in llie Opliiuroidea, Echinoidea and llolothu- 
roidea. The cells of this t\'pe are much more abundant and active 
in the I loloihuroidea than in the other classes. They are also 
much less stable and disintegrate soon after withdrawal from the 
both', d'hey are deeph' stained b\' metln'Iene blue-seawater or 
neutral red-seawater solutions, a reaction which is not cliaracter- 
istic of the “amoebocytes with colorless s|)herules” in the other 
classes. 

It is to be noted that the size of the spherules is constant for 
any given amoebocyte, but that there is a variation in the sizes of 
the spherules of ama‘bocytes characteristic of dilTerent animals. 
Theel has also remarked upon this and has pointed out that the 
“amocbocytes with colorless spherules” predominate in the 
Holothuroidea which he studied. He says: ” In the holothurids 
the white corpuscles are thoroughly predominant, though, there 
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also, species are to be met with which are characterized by both 
white and red corjiiiscles. Thus, for inst., Labidoplax huskii 
makes an exception by lodging cells with hyaline granules to¬ 
gether with such ones which contain red pigmented granules, 
both kinds being nearly equal in number.” 

The origin and functions of the “ama?bocytes with colorless 
spherules” is problematical. According to Cuenot (’91b) the)' 
may arise from leucocytes by the addition of spherules of protein 
and are hence to be regarded as food carriers. 



Fig. 3S. Hcmocyte, C. japonica. Side view, cam. Iiic., X 1300. 

Fig. 39. Hemocyte, C. japonica. Surface view, cam. luc., X 1300. 

Fig. 40. ll^mocyle, C. chronjhelmii. Surface view, cam. luc., X 1300. 

Fig. 41. \’ibratile corpuscle, Stichopiis californictis, cam. luc., X 1300. 

Fig. 42. X'ibratile corpuscle, Ophiopholis aciilcala, cam. luc., X 1300. 

Fig. 43. X’ibratile corpuscle, Strongylocenlrotiis drobachiensis, cam. luc., X 1300. 
Fig. 44. X’ibratile corpuscle, S. franciscaniis, cam. Inc., X 1300. 


3* The Ilcnwcytes. 

Theel (’21) describes a series of ”red blood corpuscles” from 
the peri\isceral iluid of the 1 lolothuroidea, excepting the forms 
with tests, as Psolits. In his discussion of these cells, he calls 
attention to the fact that the content of these corjDuscles was 
first noted b>' Semper (’68) who suggested that this material was 
of the nature of hemoglobin. Howell (’85) achainced the same 
suggestion with regard to the same tyjie of cell in certain species 
of Thyouc and Cm nmaria. Cells of this type were also observed 
in the 1 lolothuroidea by Cuenot (’91b), Knoll (’93) and Ivollman 
(’08). 'Fhese cells were described as spherical or elongate ovoid 
cells with a definite limiting membrane which was clastic, but did 
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not form pseudopodia. The cytoplasm was of a homogeneous 
color of the same shade as hemoglobin, and in it was embedded a 
slightly ovoid nucleus. 

In my observations on the genera Cucumaria and Stichopus I 
have found these cells to be limited to the Cucumaria. For 
reasons given below I have designated these cells as heinocytes. 
The hemocytes of Cucumaria are flattened, biconvex discs, ovoid 
in shape. The cell membrane is plastic, hut the cells exhibit no 
amoeboid mo^•ement and are c<itried passi\ ely in the perivisceral 
fluid h\' contractions of the wisa and movements of the bod>'. 
The cytoplasm is a homogeneous nuiss of orange-> ellow color in 
which is located a small oval nucleus, eccentrically placed (Figs. 
38, 39, 40). In C. chronjliclmii the granular content of the nucle¬ 
us is very clearh’ aj)parent (I'ig. 40). A mass of these cells pre¬ 
sents a crimson appearance com|)aral)le to the oxygenated blood 
of vertebrates. 'Fhe hemocytes of C. japouica (red body wall) 
are much larger and more numerous than those of C. chronjliclmii 
(white body wall), conse(|iiently the deep color of the fonner may 
be due in part to this ditTerenct* in number. 

Wan der lleyde (’:?:?). cdthough giving no reference to the earlier 
suggestions that the'-e cells contain hemoglobin, carried on a 
series of experiments on the content of hemor\ ies in Thyonc 
briarcus. lie subjected a solution obtained from these cells to 
the spectroscope and obtained a band characteri>lic of o\\ hemo- 
globin; upon reduction the solution ga\ e the single band charac¬ 
teristic of hemoglobin and when shaken with air, the double band 
characteristic of oxyhemoglobin appeared; hemin-like crystals 
were obtainetl from the content of the hemocytes. These exi)eri- 
ments together with several other chemical tests have led \*an 
der He>*de to conclude that the substance is hemoglobin. As a 
result of these obser\’ations I ha\'e designated these cells, t\'pes 
of which also occur in Cucumaria, the hemocytes, a tenn which 
is briefer and more concise than the appellation red blood cells. 

We may ask if there is an\' reason why oxygen-carrying veils 
should be present in certain of the Holothuroidea aiul not in 
other members of this cla.'^s or other Echinodenii classes. I 
have suggested earlier in this paper that oxygen-carrying cells 
may be regarded as unnecessary in the Asteroidea, Ophiuroidea 
and Echinoidea because of the relatively low ox\'gen needs of the 
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body which can be supplied by free oxyg:en of the perivisceral 
fluid. But in the Holothuroidea of the types like Cuenmaria 
and TJiyone, the body is made up of highly contractile muscle 
elements which may possibly need more oxygen than can readily 
be supplied by tlie perivisceral fluid. Consequently, it is sug¬ 
gested that the hemocytes, as oxygen carriers, have appeared in 
association with the dexelopmeiu of the muscular system and 
greater muscular activity, so that the contractile elements may 
be supplied. Further evidence for this suggestion is found in the 
absence of these hemocytes in the Holothuroidea without mus¬ 
cular bodies (c.g., Fsolns) which are comparable to the test¬ 
bodied Echinoidea. 

4. The Vibratile Corpuscles. 

The vibratile corpuscles are those cells in the perivisceral fluid 
which are minute and bear flagella. Cells of this type were 
observed in OphiophoJis aciiJeata (Fig. 42), S. drohachiensis 
(Fig. 43), 5 . Jranciscaniis (Fig. 44) and Stichopus calijornicus 
(Fig. 41). 

In 0 . aciileata the vibratile corpuscle is very minute (3 microns 
in diameter). A small peripheral layer of granular cytoplasm 
encloses a relatively large nucleus. A single long flagellum is 
present at one end of the cell. The vibratile corpuscles of 
Strongylocentrotiis are much larger, each has a relatively smaller 
nucleus as compared with the amount of cytoplasm and a shorter 
flagellum than the vibratile corpuscle of 0 . aciileata. 

In S. calif ornicus, the vibratile corpuscles are very minute 
(i micron in diameter) and are colored with a yellowish pigment 
which obscures the nucleus, if such be present. Since hemocytes 
are lacking in this species it may be assumed that these cells are 
oxygeiDcarrying cells and that the pigment is a hemin compound 
related to the content of the hemocytes of the other muscular¬ 
bodied Holothuroidea. 

Cuenot (’02) suggested that the function of the vibratile cor¬ 
puscles is to keep the fluid content of the perivisceral cavity in 
motion, thus aiding the ciliated peritoneum in causing a circula¬ 
tion of the fluid. 
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III. Summary. 

From a comparative study of the cellular elements in the peri¬ 
visceral fluid of a representative group of Echinodenns found in 
the vicinity of the Puget Sound Biological Station the following 
conclusions have been reached: 

1. The leucocytes are con>tant in the perivisceral fluid of the 
Echinoderms. 

2. The leucocytes in all of the Echinoderms studied are phago¬ 
cytic and thromboblastic and in ^ome >pecies appear to be sclero- 
blastic and associated Miih the replacement of resected skeletal 
areas. 

3. Hemocytes (cells with hemoglobin) are found only in cer¬ 
tain of the I loloihuroidea and are correlated with the develop¬ 
ment of a highly muscular body. 

4. Modifications of the breathing (»rgans have a[)parently no 
effect on the cellular contents of the perivisceral fluid, so that 
no specafic o\ygen-carr\ ing cells are dex eloped in those forms 
with a rigi<l non-muscular Ixxly wall despite the limitations of the 
breathing organs. 

5. Of the “ anurbocyles with spherules,” those with colorless 
spherules are jiresent in the Ophiuroidea, ICchinoidea and Holo- 
thuroidea and are predominant in the last class. “Ama'bocytes 
with red s|)lieniles” are present in the Echinoidea, where the 
size and number present is correlated with the depth of color of 
the body wall. 

6. \ 4 braiile cor|)uscles are present in the Ophiuroidea, Echi¬ 
noidea and in Slicliopus californirus alone of the Ifolothuroidea 
studied. In the latter species the>' are pigmented and arc re¬ 
garded as cells which function as do the hemoc\'tes in other 
muscular-bodied I lolothiiroidea, 
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